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Abstract. – OBJECTIVE: The diagnosis of 
pulmonary hypertension (PH) in the elderly has 
become more common, recently. The possibili-
ty of overdiagnosis or misdiagnosis may arise 
in the elderly due to accompanying physiologi-
cal changes and comorbidities. In this study, we 
aimed at revealing the clinical findings of indi-
viduals aged 60 years and older who were diag-
nosed with Group 1 and Group 4 PH, and at de-
termining their differences with younger adults.

PATIENTS AND METHODS: Patients aged 
60 years and older who were diagnosed with PH 
were identified. Among these patients, patients 
with a diagnosis of Group 1 PH (PAH) and Group 
4 PH (CTEPH) were selected. A control group was 
formed from young and middle-aged patients. 
Demographic, clinical and hemadynamic char-
acteristics of the elderly patients and the control 
group were analyzed. 

RESULTS: The mean WHO Functional Class 
and the Charlson Comorbidity Index score were 
significantly higher; the mean EF was significant-
ly lower in the elderly. The right heart catheteriza-
tion results were assessed. While the mean PAP 
was significantly higher in young-middle-aged 
patients (49.6 vs. 39.2 mmHg) (p=0.03), the mean 
PCWB was significantly higher in the elderly (11.4 
vs. 8.1 mmHg) (p=0.005). The young-middle-aged 
patients had a significantly higher mean PVR val-
ues (10.7 vs. 8.3 WU) (p=0.01). 

CONCLUSIONS: Comorbidities and age-re-
lated functional losses may complicate the di-
agnosis of PH in elderly. Group 2 PH, which we 
frequently encounter in the elderly, may mask 
the true Group 1 or Group 4 PH in these patients. 
PH should be kept in mind in the elderly patients 
with unexplained exertional dyspnea.
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Introduction

Pulmonary hypertension (PH) is a disease char-
acterized by progressive increases in the pulmonary 

artery pressure (PAP) and the pulmonary vascular 
resistance (PVR) and can be fatal with right ven-
tricular failure. The disease consists of five main 
groups, and the most common forms are Group 2 
(PH associated with left heart diseases) and Group 
3 (PH associated with chronic lung diseases and 
hypoxemia). If we separate Group 5 PH as “mul-
tifactorial/unclear PH associated with underlying 
chronic diseases”, the main patients who are priv-
ileged in the diagnosis and treatment approaches 
of physicians dealing with PH are mostly in Group 
1 PH [Pulmonary arterial hypertension (PAH)] 
and Group 4 PH [Chronic thromboembolic PH 
(CTEPH)] groups. The diagnostic algorithms and 
treatment approaches of the patients in these two 
groups are specialized and are carried out by cen-
ters experienced in this field 1-3. It is also very diffi-
cult to generate demographic and epidemiological 
data, as PH patients consist of different subgroups. 
Therefore, the best approach is to evaluate the sub-
groups under different headings.

Pulmonary arterial hypertension (PAH) is a 
disease known to generally affect women of child-
bearing age. However, PAH is increasingly being 
diagnosed in the elderly population. The diagnosis 
of PAH may be delayed due to the reductions in 
exercise capacity, which we frequently encounter 
due to comorbidities such as coronary artery dis-
ease and heart failure, which naturally have a high 
incidence and prevalence in the elderly population. 
However, in recent years, this patient group is be-
ing diagnosed more and more with the increase in 
awareness on this issue, the spread of tests and the 
development of perception towards PAH in the 
whole medical world with the contribution of new 
treatment modalities. Physicians include PH more 
in the differential diagnosis in the etiological eval-
uation of exertional dyspnea, which they cannot 
explain with current clinical findings2,4.

Advanced age, which is one of the pulmonary 
embolism risk factors, causes chronic thrombo-
embolic PH (CTEPH) to be seen more frequently 
in elderly patients. This increases the possibil-
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ity of CTEPH in the elderly and, therefore, the 
awareness of physicians. As a result, the diagno-
sis of CTEPH is made more frequently and more 
easily in the elderly. In the light of real-life data 
from all over the world, the mean age at diagnosis 
of CTEPH is approximately 63 years, and unlike 
PAH, there is no female predominance. On the oth-
er hand, in patients without a previous history of 
acute pulmonary thromboembolism, this diagnosis 
can easily be overlooked, just like PAH 1,5. In addi-
tion to the increase in comorbidities with advanc-
ing age, some physiological changes that occur 
with age also complicate the diagnosis. Weakening 
of respiratory muscle strength and decrease in ex-
ercise capacity with advancing age reduces effort 
capacity. Its effect on the pulmonary circulation is 
considered physiological up to a certain limit. A 
1 mmHg/deca increase in systolic PAP (sPAP) is 
considered within physiological limits6.

Considering all these conditions, it is obvious 
that elderly patients should be evaluated from a dif-
ferent perspective in terms of PH. However, data and 
studies on this subject offer very limited information. 
For this reason, it will be instructive to examine the 
characteristics of elderly patients in detail based on 
real-life data. This study aimed to reveal the clinical 
findings of individuals aged 60 and over who were 
diagnosed with Group 1 and Group 4 PH and their 
differences from the younger adults. 

Patıents and Methods 

We obtained approval from the Local Ethic 
Committee. The files of patients diagnosed with 
PH between January 1, 2017, and December 31, 
2021 were reviewed retrospectively.

Study Design 
Patients aged 60 years and older who were 

diagnosed with PH were identified. Among these 
patients, patients with a diagnosis of PAH and 
CTEPH were selected. Those who had clinical, 
laboratory and radiological data were included 
in the study. Patients whose echocardiography 
(ECHO) and right heart catheter (RHC) results 
could not be reached were excluded from the 
study. Patients whose hemodynamic measure-
ments were made in another center or diagnosed 
in a different hospital were also not included in 
the study.

All patients were diagnosed in the light of the 
diagnostic algorithms of the current ERS/ESC 
guideline. CTEPH was radiologically excluded 

for the diagnosis of group 1 PH, even in patients 
without an index history of pulmonary embolism. 
All of the patients were diagnosed with PH by 
RHC under fluoroscopy in our hemodynamics 
laboratory. All RHCs were made by the same car-
diologist and his team who are very experienced 
in this field. Vasoreactivity test was also applied to 
the patients within the indications.

Demographic characteristics of the patients, 
PH groups, ECHO findings, RHC findings, World 
Health Organization (WHO) functional classes 
(FC), 6-minute walk test (6MWT) distances and 
Charlson comorbidity index (CCI) scores were 
recorded. We calculated and recorded the CCIs 
of the patients from their medical records. Based 
on the CCI scores of the patients, the severity of 
comorbidity was categorized into three grades: 
mild (CCI scores of 1–2), moderate (CCI scores 
of 3–4) and severe (CCI scores ≥5). In order to re-
veal whether the characteristics of elderly patients 
differ from those of non-elderly patients, a control 
group was formed from young and middle-aged 
patients, meeting the same inclusion criteria and 
having the same number as the study group. In or-
der to achieve objectivity in the mean age, young 
and middle-aged patients with appropriate data 
were ranked according to age, and cases were se-
lected by skipping at certain intervals. 

Statistical Analysis
The data of the study group patients were an-

alyzed within themselves. Afterwards, the study 
and control groups were compared statistically and 
evaluated. The mean and standard deviation (± SD) 
were calculated for continuous variables and pro-
portions were calculated for categorical variables. 
Chi-square and Fisher exact tests were used in uni-
variate analysis of categorical variables; and Stu-
dent-T and Wilcoxon rank-sum tests were used in 
univariate analyzes of continuous variables. Tests 
were selected according to their usefulness to meet 
assumptions for binary comparisons. A p-value < 
0.05 was considered statistically significant. 

Results

In a 5-year period, a total of 104 patients aged 
60 years and over were diagnosed with Group 
1 (n=62) and Group 4 (n=42) PH. Of these, 62 
patients (31 patients with PAH, 31 patients with 
CTEPH) with appropriate data were randomly se-
lected and data of these patients were compiled. 
In order to obtain a control group against elder-
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ly patients diagnosed with PAH and CTEPH, 62 
cases (31 patients with PAH, 31 patients with 
CTEPH) were selected by randomization among 
our adult patients under the age of 60 who had 
been diagnosed with PH in the last 5 years. In the 
control group, young and middle-aged patients 
were ranked according to age in order to achieve 
objectivity in the mean age and to ensure that the 
mean age could reflect the whole group, and cases 
were selected by skipping at certain intervals.

Demographic Findings

Study group (elderly patients)
The mean age of the patients was 72.63 (±6.76) 

years. In the elderly group, 48 (77.42%) of the cases 
were female and 14 (22.58%) were male. Among 31 
patients with Group 1 PH (PAH), 6 cases (19.35% of 
PAH patients) were diagnosed with PAH associated 
with connective tissue disease and 24 cases (77.42% 
of PAH patients) with idiopathic PAH (iPAH). When 
PH groups were compared according to genders, 
all but 2 of the male patients were diagnosed with 
CTEPH (86.6%), while 61.7% of the female patients 
were diagnosed with PAH. Although the number of 
female cases was high in total, the gender distri-
bution difference was especially more pronounced 
in patients with PAH. The distribution of PAH and 
CTEPH patients differed significantly between gen-
der groups (p<0.05) (Table I).

Control group (young-middle-aged patients)
The data of young-middle-aged patients with 

PAH (n=31) and CTEPH (n=31) were analyzed. 
The ages of the patients ranged from 18 to 59 
years. The mean age of the patients in the control 
group was 46.67 (±12.68) years. Gender distri-

bution in the control group was similar to that of 
the elderly patients. Although the total number of 
female cases was high also in young-middle-aged 
patients, as in the elderly, the difference in gender 
distribution was not as evident as in the elderly. 
But still, the distribution of PAH and CTEPH pa-
tients differed significantly between gender sub-
groups of young-middle-aged patients (p<0.05) 
(Table I).

Clinical Findings
The WHO FCs of patients were obtained from 

clinical histories or records in their files. While 
the mean of the WHO FCs was 3.3±0.6 in elder-
ly patients, it was 2.5±0.5 in young-middle-aged 
patients. The mean WHO FC was significantly 
higher in the elderly (p=0.01). The mean 6MWT 
distance was higher in control group. The differ-
ence between the results of 6MWT of the groups 
was also statistically significant (p=0.04). We 
used CCI to estimate the comorbidity burden in 
patients. When the mean CCI scores were com-
pared, it was found that the score was significant-
ly higher in the elderly (p=0.01) (Table I).

Hemodynamic findings: The initial ECHO and 
RHC findings of the patients during the diagnosis 
period were examined. 

- ECHO findings: We observed that the mean 
sPAP was significant lower in elderly patients 
than in young-middle-aged patients (p=0.05). 
The Ejection fraction (EF%) ​​of the patients 
was also analyzed. The EF% in the elderly was 
53.6±4.5, and it was significantly lower than the 
young-middle-aged patients who had a mean EF 
of 75.9±5.7 (p=0.01). The mean tricuspid regur-
gitation velocity (TRV) and the right atrial area 
(RAA) were also lower in the elderly, but the 

Table I. Comparison of the demographic and clinical characteristics of geriatric patients with PAH and CTEPH and the control 
group at the time of diagnosis.

Geriatric group
(n= 62)

Control group
(n= 62)

p

Age (years) 72.63 (± 6.76) 46.67 (± 12.68) -

Gender Female (F) 48 (77.42%) 41 (66.13%)
-Male (M) 14 (22.58%) 21 (33.87%)

Group 1 PH (PAH) 31 (29 F, 2 M) 31 (22 F, 9 M) 0.05Group 4 PH (CTEPH) 31 (18 F, 13 M) 31 (19 F, 12 M)
FC 3.3 ± 0.6 2.5 ± 0.5 0.01
6DMWT (m) 307.5 ± 43.5 412.2 ± 63.4 0.04
Charlson comorbidity index score 3.6 ± 0.8 1.3 ± 0.4 0.01

F: female, M: male, PH: Pulmonary hypertension, PAH: Pulmonary arterial ypertension, CTEPH: chronic thromboembolic pul-
monary hypertension, FC: functional class, 6MWT: 6 minutes walk test.
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difference was not significant in both parameters 
(p>0.05) (Table II).

- RHC findings: All RHC procedures were per-
formed by the same cardiologist. The results were 
evaluated, and the mean data of the study group 
and control group were compared. The mean PAP 
was significantly higher in young-middle-aged 
patients (49.6±9.3 mmHg vs. 39.2±6.4 mmHg). 
The mean pulmonary capillary wedge pressure 
(PCWP) was significantly higher in the elder-
ly (11.4±1.7 mmHg vs. 8.1±1.5 mmHg). When 
the mean PVR results were compared, it was 
observed that young-middle-aged patients had a 
significantly higher mean PVR (10.7±2.8 WU vs. 
8.3±2.6 WU) (Table II and Figure 1).

Discussion

In this study, we wanted to draw attention to 
the difficulties and complexities in the diagnosis 
of PH in elderly. When the aging world popula-
tion and newly developing diagnosis-treatment 
regulations come together, the diagnosis of PH to 
become more common in the elderly. Our results 
showed that both Group 1 and Group 4 PH have 
substantial incidences in the elderly. In addition, 
it is supported by our results that Group 2 PH, 
which we frequently encounter in the elderly, may 
mask the true Group 1 or Group 4 PH in these pa-
tients7. Infact, it is clear that a special title should 
be specified for PH in the elderly. In this respect, 
we think that our study results will contribute to 
clinical practice.

The effects of aging on the respiratory system 
are well known. A progressive decline in lung 
function with normal aging is often considered to 

be within physiological limits. This condition is 
associated with changes in the mechanics of the 
lung-thorax system, resulting in an increase in the 
chest wall stiffness, a decrease in the static elastic 
recoil of the lung, and a decrease in the respira-
tory muscle strength. On the other hand, the loss 
of total pulmonary capillary volume of the lung 
by the age was also shown. All these factors may 
lead to a progressive increase in PVR with aging, 
which may predispose to the development of PH. 
Moreover, the fact that this condition is mostly as-
sumed within physiological limits and attributed 
to old age, complicates the diagnosis of PH in the 
elderly. The cardiovascular system also shows sig-
nificant changes with aging. Age-related vascular 
stiffness has been shown to contribute to isolated 
systemic systolic hypertension in the elderly. As 
expected, the pulmonary vascular bed also suffers 
from this situation. The decrease of the left heart 
compliance due to aging can lead to a progressive 
left ventricular diastolic dysfunction. As a result 
of both left heart failure and progressive increase 
in pulmonary artery stiffness, sPAP increases by 
approximately 1 mmHg per decade. As a result of 
all these changes, normal aging can lead to overdi-
agnosis of PH or an underestimation of PAH in 
the elderly population potentially. PAH may be 
suspected, especially if an elderly patient shows 
hemodynamic changes that are “out of proportion 
to age” with elevated PVR and mPAP3,4,8-11.

In addition to the routine changes in the pul-
monary and cardiovascular systems that occur 
with aging, the increase in the number and the se-
verity of comorbidities complicates the situation 
in this age group. It is a fact that chronic diseas-
es and comorbidities in elderly patients compli-
cate the diagnosis and treatment approach of PH. 

sPAB: systolic pulmonary arterial pressure, EF: ejection fraction, TRV: tricuspid regurcitation velocity, RAA: right atrial area, 
mean PAP: mean pulmonary arterial pressure, PCWP: pulmonary capillary wedge pressure, PVR: pulmonary vascular resistance.

Geriatric group
(n= 62)

Control group
(n= 62)

p

sPAB (mmHg) 72.2 ± 12.7 83.9 ± 13.6 0.05
EF (%) 53.6 ± 4.5 75.9 ± 5.7 0.01
TRV (m/s) 2.8 3.1 0.55
RAA (mm2) 25.8 ± 4.4 27.2 ± 5.1 0.65
mean PAP (mmHg) 39.2 ± 6.4 49.6 ± 9.3 0.03

PCWP (mmHg) 11.4 ± 1.7 8.1 ± 1.5 0.005

PVR (WU) 8.3 ± 2.6 10.7 ± 2.8 0.01

Table II. Comparison of echocardiography and right heart catheterization findings at the time of diagnosis between geriatric 
patients and the control group.
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Along with the physiological effects of age, co-
morbidities also mask the symptoms and signs of 
PH, leaving us with diagnostic problems. Thus, 
it seems reasonable to review and rate the pres-
ence of these comorbidities in elderly. Based on 
this idea, we wanted to estimate the comorbidi-
ty burden in these patients. For this purpose, we 
preferred to use CCI, which is an easy and useful 
scoring system, to predict the comorbidity bur-
den. It was not surprising that the mean CCI score 
was higher in the elderly than in the younger. This 
reinforced the idea at the beginning of our study 
that the diagnosis of PH is more complex and dif-
ficult in the elderly. In this age group with intense 
comorbidities, both misdiagnosis and overdiagno-
sis of PH are very likely12,13.

Despite all these complex relationships, the 
frequency of PH diagnosis in the elderly is in-
creasing with the development of diagnostic 
methods, new treatment modalities and awareness 
of the PH. In fact, in studies conducted in recent 
years, it has been observed that the mean age at 
diagnosis of PAH patients is significantly higher 
than previous studies. After 1995, this increase 
became evident. Between 1990 and 2002, the 
frequency of PAH increased 3.4 times in patients 
over 65 years of age. The current registry studies 
demonstrated that there is an increase in the mean 
age of PAH diagnosis and the proportion of male 

patients. If both the US and European registries 
are considered together, it is seen that the rate of 
patients aged >70 years among patients with PAH 
is 9-13.5%; and the mean age at diagnosis is ∼50 
years. In a single-center registry, the mean age of 
diagnosis of idiopathic PAH was 55±16 years. In 
data published from the Swiss registry, the mean 
age at diagnosis of PAH was >60 years, with 56% 
of patients being female. A very striking demo-
graphic data came from another European registry 
and found the median age at diagnosis to be 71 
years and reported that 63% of the cases were >65 
years old. Given all this combined with an aging 
population worldwide and an increasing life ex-
pectancy, it means that it is no longer uncommon 
to see geriatric PAH patients3,14-16.

Situations seem similar in CTEPH. In a ret-
rospective study conducted in a PH center in the 
UK, the data of 411 CTEPH patients who under-
went PEA were analyzed. They found that 25.06% 
of the patients who went to PEA were >70 years 
old. Gender distribution was found to be similar 
in both patients under the age of 70 and above. 
The 43.8% of young-middle-aged patients and the 
51.5% of patients aged >70 years were female. 
The frequency of peripheral disease was signifi-
cantly higher in elderly patients. The mean WHO 
FC was higher in the elderly in general, but the 
difference was not significant. While the mPAP 

Figure 1. Distribution of PCWP and PVR values of elderly and younger patients. PCWP: pulmonary capillary wedge pressure, 
PVR: pulmonary vascular resistance.
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was found to be significantly lower in the elderly, 
no significant difference was found between the 
groups in terms of the mean PVR17. Berman et al18 
investigated the data of 411 patients, 103 of whom 
were aged ≥70 years, who underwent pulmonary 
endarterectomy (PEA). They observed that distal 
disease was more common in elderly patients, and 
the mean FC and 6MWT distances were worse 
than in younger patients. In light of the results, 
the researchers stated that PEA in patients aged 
≥70 years was of acceptable safety. Advanced age 
should be considered when assessing eligibility 
for PEA, but age alone should not be a contraindi-
cation for surgery. In our results, similar to the lit-
erature, CTEPH was significantly common in the 
elderly. The true diagnosis of CTEPH, which has 
a curative treatment possibility contrary to PAH, 
gains more importance in the elderly.

The current hemodynamic definition of PAH 
(ie, an mPAP >20 mmHg and PCWP <15 mmHg) 
does not always clearly distinguish between pre- 
and post-capillary PH. Shapiro et al19 examined 
48 cases over 65 years of age with a probable di-
agnosis of iPAH and showed that the PCWP >15 
mmHg in the 56%. In this case, the RHC findings 
did not fully meet the hemodynamic criteria for 
iPAH in these patients. Conditions suggestive of 
Group 2 PH (EF <50%, patients with significant 
mitral or aortic valve disease) were excluded in 
this study. However, the mean PCWP was higher 
than expected in most of the patients. It is well 
known that elderly individuals with PCWP>15 
mmHg may have PH secondary to heart failure 
with preserved EF. However, Shapiro et al9 sug-
gested that PH with high PCWP may still be 
PAH and could be categorized as Group 1 PH 
despite not meeting the relevant hemodynamic 
criteria. They suggested that although PCWP in-
creases with increased LV end-diastolic pressure 
(LVEDP), elevated LVEDP may be the result of 
chronic right ventricular (RV) overload caused 
by iPAH. There are also other results and ideas in 
the literature that support this situation20,21. In the 
younger age group, the effect of RV on left ven-
tricular end-diastolic pressure (LVEDP) is modu-
lated by the relative stiffness of the interventricu-
lar septum and LV free wall. In normal hearts, the 
interventricular septum is less rigid than the LV 
free wall. On the other hand, in iPAH, the septum 
is stiffer than the LV free wall due to chronic RV 
pressure overload. Therefore, the effect of RV on 
LVEDP is weaker than in normal hearts. This al-
lows us to see a normal PCWP in most patients 
with iPAH. However, in elderly patients, vascular, 

LV systolic, and LV diastolic stiffness increase 
with the age. Therefore, elderly patients may have 
isolated pulmonary arteriopathy with a PCWP>15 
mmHg. The PAH, which is already difficult to di-
agnose in the elderly, becomes more complex and 
mysterious with such age-related changes. In our 
study, the mean PCWP was also observed to be 
higher in the elderly than in the younger patients 
(Figure 1). Such that, hemodynamic measure-
ments of some patients whose PCWP measure-
ments were at the border during RHC, were re-
peated after controlled diuretic treatment without 
dehydrating them22. 

The mysteries of pulmonary hemodynamics in 
elderly do not end there. In geriatric patients who 
have heart failure with preserved EF, the compli-
cated situation we are talking about with PCWP 
may be reversed. In other words, the patient may 
present with a PCWP lower than expected due to 
advanced RV failure in patients with Group 2 PH. 
In such situation, fluid challenge during RHC and 
exercise tests will guide the differential diagnosis 
in elderly patients23. In the COMPERA registry, 
this situation also remained largely mysterious. In 
this registry, iPAH was noted as the most com-
mon cause of PH in elderly patients16. However, 
it is known that most centers participating in the 
COMPERA study do not routinely perform fluid 
loading during RHC. Therefore, it is conceivable 
that some patients with LV diastolic dysfunction 
may have been misclassified as iPAH. For these 
reasons, it is difficult to distinguish post- capillary 
from pre-capillary PH. It is important for clini-
cians to distinguish between these two subdiag-
noses, because PAH-specific drugs may worsen 
LV function in patients with pre-capillary PH. It 
seems that the landscape is getting more compli-
cated. Even all these data can be accepted as proof 
that PH in the elderly should be considered as a 
separate entity.

The confusion is not limited to these situations. 
An inverse relationship between age at diagnosis 
and the mPAP has been previously analyzed. In 
addition, the myocardial performance index of the 
RV was lower in elderly patients than in younger 
patients. This leads to better RV adaptation of the 
elderly to higher PAP. Therefore, mPAP values in 
the elderly can be expected to be lower than in the 
younger adults. Similarly, the PVR can be lower in 
the elderly. In the RHC data of our patients, the mean 
PVR was significantly lower in the elderly than in 
the younger patients. While the mean PVR was 8.8 
WU in the elderly, it was 11.7 WU in the younger 
cases. As a result of all the paradoxical relationships, 



N. Öcal, M. Çelik, N.K. Satış

7480

it has been observed that survival is worse in elderly 
despite their better hemodynamic profiles10,19.

Conclusions 

According to the results of this study, CTEPH 
may be encountered more frequently, especial-
ly in male elderly. The comorbidities and the 
age-related functional losses may complicate 
the diagnosis. Considering that the mean sPAP 
values may be lower in elderly, it is necessary 
to be alert for PH in this age group. Due to the 
lower EF% and lower sPAP, the ECHO findings 
in elderly patients may lead to overlooked diag-
nosis of PH. It is necessary to be careful in the 
differential diagnosis during RHC applied in 
the elderly, even in cases of borderline PCWP 
or PVR. We emphasize that PH in the elderly is 
not as rare as previously described, and an in-
dividualized investigation of PH in the elderly 
will further improve this issue.
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